Physical or psychological chronic stress can suppress the immune system. However, the mechanisms remain to be elucidated. We investigated the effect of hematopoietic stem-progenitor cells (HSPCs) on chronic stressinduced the alterations of immune responses. We demonstrate that HSPCs prevents stress-induced lymphocyte apoptosis. Moreover, we also demonstrate that the protective effect of HSPCs on stress-induced lymphocyte reduction exerts by steroid hormones. Furthermore, we reveal that chronic stress-induced T cell-mediated immune responses contributes to the protective effect of HSPCs. These results indicate that HPSCs might offer a novel therapeutic strategy against the deleterious effects of chronic stress on the immune system.
Introduction
Depending on the severity and duration, physical or psychological stress can enhance or suppress the immune system in both humans and animals (Yin et al., 2000; Hu et al., 2013; Hu et al., 2014; Cao et al., 2014) . We and others have reported that acute restraint stress could significantly enhance delayed-type hypersensitivity reaction, while chronic stress could decrease immune function and enhance susceptibility to diseases (Dhabhar and McEwen, 1997; Yin et al., 2000; Shi et al., 2003 . Li et al., 2011a Smith et al., 2016) . Acute stress and moderate stress such as routine exercise could increase immune responsiveness (Dhabhar and McEwen, 1999; Cao et al., 2014) . However, chronic stress such as long-term emotional stress can reduce immune functions (Zorrilla et al., 2001; Reiche et al., 2004; Quan et al., 2001; Hawkley and Cacioppo, 2004; Zhang et al., 2008a ). This effect is at least in part due to the reduction of lymphocytes (Zorrilla et al., 2001; Yin et al., 2000 , Zhang et al., 2008b Hu et al., 2014) . Little progress, however, has been made in understanding chronic stressinduced immune suppression. To define the mechanisms of stressinduced immune responses and to design strategies for therapeutic intervention, we established an animal model for chronic restraint stress to determine the alterations of immune functions following stress. Our previous studies have defined that chronic restraint stress of mice induces reduction in lymphocyte numbers (Yin et al., 2000; Zhang et al., 2008b; Zhang et al., 2008c; Hu et al., 2014) .
Hematopoietic stem cells (HSCs) are the stem cells that give rise to all the other blood cells through the process of haematopoiesis (Birbrair and Frenette, 2016) . Hematopoietic stem-progenitor cells (HSPCs) can be readily isolated and expanded from a number of tissues, including bone marrow and umbilical cord blood (Brudecki et al., 2012; Fischer and Agrawal, 2013, Ito and Suda, 2014) . Hematopoietic stem cells differentiate into multipotent progenitor cells expressing CD34 (Brudecki et al., 2012; Fischer and Agrawal, 2013, Ito and Suda, 2014; Cao et al., 2014) . These cells have been shown to effectively treat various diseases, particularly those involving dysregulated immune responses, such as allergic diseases, genetic diseases, and autoimmune diseases (Brudecki et al., 2012; Fischer and Agrawal, 2013, Ito and Suda, 2014) . Interestingly, our recent results shown that HSPCs modulates immune responses including levels of cytokine production (Brudecki et al., 2012) . Therefore, a concept that prompted us to determine if HSPCs could prevent stress-induced immune suppression.
In the current study, we performed a mouse model of chronic restraint stress, one that has been widely used to investigate the effect of stress on the immune functions (Yin et al., 2000; Cao et al., 2014; Hu et al., 2014 
